The chest X-ray, perfusion lung scan, and selective pulmonary arteriogram were independently reviewed in 104 patients with suspected pulmonary embolism. Thirteen patients also had 133Xe ventilation studies. Of the 45 patients with angiographically-documented pulmonary emboli, 37 had perfusion scans interpreted as high probability of pulmonary embolism (82% sensitivity). Fifty of 59 patients without angiographic evidence of pulmonary embolism had perfusion scans interpreted as low probability of pulmonary embolism, other, or normal (85% specificity).
giography with selective lobar and segmental injections is both highly sensitive and specific in the detection of pulmonary emboli, but it should not be used as a routine screening procedure. In an effort to arrive at guidelines for the most efficient utilization of these diagnostic procedures, we have evaluated perfusion scans and in some cases combined ventilation/perfusion studies in conjunction with chest X-rays in 104 patients who had high quality selective and subselective pulmonary angiography for suspected pulmonary embolism.
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factory studies or because too great a time interval had elapsed between the studies. The remaining 104 patients, each of whom also had a routine chest X-ray, form the basis of this report. Each of the diagnostic studies was reviewed separately and without knowledge of the interpetations of the others.
Perfusion lung scans were performed following the intravenous injection of 300 ,uCi of 1.3I macroaggregated albumin in 67 patients, and 2 mCi of technetium99m-albumin microspheres in 37 patients. Anterior, posterior, and both lateral views were obtained with a 5 inch dual probe rectilinear scanner in all except three patients who had images on a scintillation camera.
Thirteen patients also had xenon-133 ventilation studies performed. With the patient's back to the scintillation camera, 10-20 ,.Ci of "33Xe gas were introduced into a closed circuit spirometer system. Images were obtained while the patient held a single deep breath, at equilibrium, and during washout of the tracer.
Pulmonary arteriograms were performed according to the method of Bookstein. The perfusion lung scans were interpreted as follows: 1) High probability-high probability of pulmonary embolism because of multiple segmental and/or lobar perfusion defects 2. Low probability-low probability of pulmonary embolism because of nonsegmental or equivocally segmental defects, often at the lung bases 3) Other-suggestive of other disease (e.g., emphysema or congestive heart failure)9 4) Normal-no perfusion defects The perfusion scans were classified without knowledge of the chest X-ray findings. For this analysis, only those scans which were interpreted as "high probability of pulmonary embolism" were considered to be positive. It is apparent that the scan and angiographic diagnoses aglreed ill 87/104 patients (84% accuracy).
Chest X-Rays
Of the 41 patienits with angiographically documented acuite pulmonary embolism, 93% had some abnormality on chest X-ray ( Figure 2 I.L., 45-year-old male. Low probability ltung scan in acute segmental pulmonary embolism. Chest X-ray (not shotcn) showed cardiomegaly and an infiltrate at the right base. Perfusion scan: left, above) posterior view; left, below) right lateral view. Nonsegmental defect, right base, interpreted as having a low probalility of pulmonary embolism. Main pulmonary artery injection (not shown) was normal. Right) Selective itnjection in1to the descending branch of the right pulmonary artery. Intraluminal filling defect (arrows) inldicative of a thrombus in a 4 mm branch of the lateral basilar segmental artery in the right loiter lobe.
of the features of pulmonary embolism was 87% (33/38), slightly higher than that of the high j)robability scan alonie (table 1) . When two features of pulmonary embolism were presenit on the chest X-ray in combination with a high proI)ability perfusion scan, the predictive value was 100% (17/17). The combination of a normal chest X-ray aind a high probability perfusion scan was not specific for pulmonary embolism. Eight such patients were encountered, only four of whom had documenited pulmonary embolism. On the other hand, of 18 patients with normal chest X-rays and loic probability or other scans, none had documented pulmonary embolism.
Fifteeni patients had radiographic evidenice of left heart failure and/or cardiomegaly. Seven of thesec 15 had pulmonary emboli, only four of whom had high probability perfusion scans.
Of the 46 patients with high probability scans, 34 had more extensive invoixvement on the scan than on the chest X-ray and 25 (74%) of these had an giographic documentationi of pulmonary emboli.
The remaining 12 patients had equivalent abnormalities on scani and chest X-ray, and 11 (92%) had angiographic confirmation of pulmonary emboli. Of the 41 patienlts with documented acute pulmonary emboli, 26 The specificity of the perfusion scan may be improved in several ways, most easily by only conisidering segmental anid/or lobar defects to be indicative of embolism. Defects of this type have previously been shown to correlate with angiographic evidence of embolism in 75% of cases.5) Our data indicate that even wheni segmental pulmonary arteriography is the standard for comparison, (table 2) . Looked at another way, in our series, given a scaln interpretation of h.igh probability of pulmonary embolism, there was an 80% probability that specific angiographic evidence of pulmonary emboli would be obtained. When the perfusionl scanl was low probability, other or norui7al, the probability of detectinig pulmonary emboli by angiocgraphy was 14%. The predictive value of the perfusion scan will probably differ somewh&t from these figuires in a less selected ser.ies.
A second possible meanis of enhancing the specificity of the perfusion lung scani is to incorporate the chest X-ray findingcs. It has been emphasized in the literature that perfusioni scans should not be ilnterpreted without a simultaneously exposed chest radiograph>:'> 24 although the role of the chest film has not beell clearly defined. Contrary to expectations, our results indicated that a normal chest X-ray in association with a higyh probability perfusioni scan was no more predictive of embolism thani the hiigh probability perfusion scan alone (table 4) . Oni the other hand, no patient with a norimal chest X-ray anid low probability scan had pulmonary embolism. Correlation of extent of disease on scan and chest X-ray likewise was of no discriminatory value. The chest X-ray proved valuable in explaining perfusioni defects secondary to chronic obstructive disease, pnenimothorax, and mass lesions. In these eases, perfusion defects could be confidently attributed to processes other than pulmonary embolization.
Radiographic We have assumed that selective pulmonary arteriography is the most specific method in the diagnosis of pulmonary embolism. With this technique, occlusions of vessels as small as 0.5 mm in diameter may be detected.8 The absolute accuracy of pulmonary arteriography in the diagnosis of pulmonary embolism is difficult to evaluate, particularly since emboli frequently undergo rapid fibrinolysis, but we have not had a proven error where segmental and other refined techniques were utilized.
In our experience, pulmonary arteriography is a relatively safe procedure. Of the 298 patients who had pulmonary angiograms within the last five years, two patients with obstruction of 95 to 98% of their pulmonary vasculature died shortly after injection. In view of the severity of the underlying disease, these deaths cannot necessarily be attributed to the procedure. One patient with preexisting left bundle branch block developed transient right heart block during catheterization and required pacing for 24 hours. In the Urokinase Pulmonary Embolism Trial, five cases of ventricular tachycardia and one cardiac perforation occurred in 310 right heart catheterizations, all of which were successfully treated. 25 When based on history, physical examination, and electrocardiogram, the diagnosis of pulmonary embolism is fraught with error.6' 26 Although a low arterial P02 has been considered a useful diagnostic finding,6 it too lacks sensitivity and speeifiCity.27
Circulation, Volume XLIX, January 1974 Selective pulmonary angiography in experienced hands is safe and reliable, but logistic considerations prevent its routine application. It is usually desirable to utilize simpler methods to screen and select those patients requiring pulmonary arteriography. Based on the above considerations, we have tabulated proposed guidelines for using the chest Xray and perfusion lung scan in selecting patients for pulmonary angiography (table 6) . It is apparent from the table that when the perfusion scan and chest X-ray both point in the same direction a confident diagnosis can be made and arteriography is not ordinarily required. Otherwise a considerable degree of diagnostic uncertainty will exist, and arteriography may be indicated. Omitted from table 6 are two additional groups of patients who usually require angiography, namely, those with severe underlying chronic lung disease and suspected embolism, and those who are to have thrombolytic or surgical therapy. In the case of the former group we have insufficient data, while in the latter group the morbidity and mortality associated with the therapy demand as definitive a diagnosis of pulmonary embolism as is possible.
